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INTRODI TTIO:¥ 
195 
人tternptsto produce cxperimenal cerebral infarction by occlusion of the cerebral ar-
tenes have been tried for many years. It was shown by these works that infarcted foci 
could be scarcely made, especially in dogs, without occlusion of the middle cerebral artery roJ. 
l久じnby the occlusion of the middle cerebral 川 t'ry,the infarcted fon could not be pro-
duced constantly, and the lesions produced varied in sizピ andlocation. Such a low inci-
dencピ ofinfarction and the variation in size and location of the lesions must he ascribed 
to the existence of abundant and efficient collateral じirculationsin dogs, such as hy the 
circle of Willis, the leptomenin昨日lanastomoses, and anastorno~り between the internal 
and external ethmoidal and between internal and external ophthalmic arteries. 
Thus, a method of consistent production of ‘＇definite focal cerebral softeninぷ、日itIi 
a low incidence of premature death was inv七日ti民itedin our labor；ιtりry、and J. 1 hNIJλ 
(196.l) de¥・isecl a new lllethod of intracarotid injection of fresh clot or that of procluc-
tion of mural thrombi in the common carotid artery じりmbineclwith the clipping of the 
homolateral posterior communicating and the anterior cerebral arteries in dogs. The 
intracramal portion of the internal carotid artery川 wellas the proximal 2じm segment of 
the middle ccrヒbralartery were occluded in this method by a continuous strand of injec-
ted fresh clot in almost al c回り， causingthe infarcted foci which were uniform in引λ仁
in the territory of the distal portion of the middle じビrebralarterv. This work demonsト
rat引 thatcerebral infarct ion can be produced in do貯 iロaconsistent manner when the 
cerebral collateral channels 礼rerestricted. The lesions produced hy thiメ method were 
histologically divided into the following four groups; 1) petechial hemorrhage without 
infarction, 2) pale (non-hemorrhagic) infarction, 3) hemorrhagic infarction and 4) mas・
sive hemorrha昨ー Themechanism of production of such different typeド oflesions, especi-
ally the hemorrhagic丘nclpale infarじtionswere not clearly demonstrated. ( ~LOBUS (1938) 
and GLOBUS and ~TRAUSS (1927) contended that hemorrhagic and non-hemorrhagic in-
farctions were mere‘Iv different刈agesof the same process, the terminal phase of which 
was massive cerebral hemorrhage. On tl1e other hand, HArN et al. (19:'l:Z) emphasized 
that hemorrhagic or non-hemorrhagic infarctions could be resulted in dogs mainly by the 
site ofυcdusion of the middle cerebral artery, distal to or within the zone of the origin 
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of the perforating ganglioniじ branches.
The pre'>ent study, therefore, was intended in dogs to elucidate the mechanism of 
hemorrhagic or non七emorrhagicinfarction by restricting the cerebral collateral channeb 
more strictly, remaining only the middle cerebral artery which supplied the basal ganglia. 
After that, the effects of the fibrinolytic treatments on the lesions produced by these me-
thods were im・引 tigated.
MATERIALS AND METHODS 
Adult mongrel dogs, weighing 8 to 12kg, unselected to ~ex and age, were used. 
The dogs were anesthetized by intravenous pentobarbital sodium in an initial dose of 30 
mg per body weight, supplemented as much as necessary. With the dog in the right re-
cumbent position, the left subternporal craniectomy was performed, resecting the zygorna-
tic arch partially to allow the better access to the base of the skull. The dura mater was 
incised and the piriforrn lobe was gently retracted to expose the circle of羽Tilis.
After that, the following 6 kinds of experiments were performed 






Measurement of the intraluminal pressure of the middle cerebral artery 
Estimation of the tissue plasminogen activators 
Vital staining methods of the brain tissue by trypan blue 
Quantitative measurements of the radioactivities of the infarcts 
Application of fibrinolytic enzymes for the cerebral infarction 
PART I 
・＼sthe preliminary study, the following experiments were carried out to investigate 
how the character of the lesions vary depending on the site of occlusion of the middle 
cerebral artery and/or the development of collateral circulation. The middle cerebral artery 
was clipped proximally (from its origin to the site of the perforating branches) or distally 
(from the origin of the perforating branches to the first major cortical bifurcation). 
In this group, the dogs were sacrificed 1 week after the operation and the brams 
were fixed in 10；：ら formalinsaline for about 1 week and sectioned to be examined ma・
croscopically and microscopically. 
RESULTS 
When the clipping of the middle cerebral artery proximal to the origin of the per-
forating branches was carried out, infarcted foci were found both in the thalamus and 
basal ganglia in al ten experimental animals. Seven of cases of them were hemorrhagic 
and the remaining three ischemic macroscopically. 
On the other hand, when the middle cerebral artery was clipped at the distal portion 
to the perforating arteri引 beforebranching of the first major cortical bifurcation, infarc-
tions were noted in the basal ganglia as well as in the thalamus in seven out of the nine 
experimental animals. Six of thern were anemic, one hemorrhagic and the remaining two 
had no infarction (Table I). The location and the property of the infarcted foci which 
were produced in the twoεroups are shown in Fiι1-a, b・Fig.2 a shows a hemorrha-
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Fig, 1 a ,Ji，、11日 proximnlclipping group 
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Fig. 1-b 、J1'l¥¥lll.C’diトl:ildipp山ugwu1》
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Table L メ＇＂＂ gthe re'1dts ol m・し匂.dipping in the different i" "'t＂山
no d1a11gc 





Fig. 2-a showing a lwmorrlu日icinfarct10日




Fig. 2-b 、hr》、in戸amicroecopic a ppea r;i n刊 of




























































































































































































































































































































































































































Fig 3 b '" "' ing d m1crけ、日ipic札ppearanceof 
川1anemic mLi1どtJ<>l
gic infarction and Fig. ~ b its microscopical findings in which the largじ amountsof l'X-
travasated red cells are visible, and the ncrw cells and glial じlcrnピnt、arピーt'＼＇ピrじlydestroy-
ed, and blood n・s対 lsare dilated and congested in and around the infarcts. Fi以. 3-a 
shows an ischemic infarction and Fig. 3-b its microscopical findings in whiιh the brain 
tissue is severely destroyed and the infarcted foci are invaded by numerous fat granule 
cells, polymorphonuclear cells, but vascuL1r dilatation or red cell stasis is scanty川 dextra-
vasation of red じとlsis not visible. 
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COMMENT 
Gwsus et al8l. attributed the hemorrhagic lesions to the effect of neosinephrine or 
sustained hypertension upon previously infarct吋 cerebraltissue. However, the above-
mentioned results demonstrated that hemorrhagic infarctions limited to the thalamus and 
basal ganglia could be produced in dogs without the administration of neosinephrine, and 
also that hemorrhagic infarctions seemed to be more easily producじdwhen the occluding 
clip on the middle cerebral artery proximal to the origin of the perforating branches was 
made rather than in cas白 withdistal clipping. These results agree with those obtained 
by ll¥IN and his collaborators'l, who emphasized that the hemorrhagic or non-hemorrhagic 
infarctions could be resulted mainly by the site of occlusion of the middle cerebral artery. 
However, there stil remain several problems which should be elucidated before HAIN’s 
conclusions are accepted. These consist of (1) hemorrhagic foci are found even in the 
distal clipping group., (2) some differences in severity of hemorrhage are found even in 
cas凶 withhemorrhagic infarctions, although the systemic blood pressure and other condト
tions are kept almost constant throughout the procedure., and (3) some cases show the 
intermediate type infarction between the hemorrhagic and non-hemorrhagic macroscopically 
礼swell aメ microscopicallyeven in the proximal clipping group. 
PART I 
PART I showed that hemorrhagic foci were more easily produced in仁川田 withthじ
proximalじlippingof the middle cerebral artery, rather than in cases with the distal clipp-
ing. Such a difference caused by the site of occlusion of the middle cerebral artery seems 
to be due to the grade of the collateral blood flow which supplies the basal ganglia and 
thalamus. 
In I' ART I, therefore, the changes of the intraluminal prじ州ureof the middle cere・
bral artery was measured following occlusion of the different portions of the middle cere-
bral artery to know the grade of the collateral circulation. 
METHODS 
a) In two dogs, a small polyvinyl catheter, ca. 0.5mm in diameter, was introduced 
mto the middle cerebral artery from the point of its origin toward the distal, remaining 
the tip of the inserted catheter (totally occluding the lumen of the vessel) in the proximal 
portion of the origin of the prforating branches with the じareof causing no obvious 
メpasm(Fig . .Ja). The catheter was attached to strain gauge and the intraluminal pressure 
of the middle cerebral artery was recorded. 
l】） In two dogs, the catheter was inserted into the middle cerebral arterv from one 
of the maj川 ιりrticalbranches toward the proximal and the tip of its occluding catheter 
was remained in the distal portion of the origin of the perforating branches. The intra-
luminal pressurじ wasmeasured in the same way as that of a) (Fig. 4斗））・ Inboth 
groups, systemic blood pressure was recorded simultaneously. 
RESULTS 
Results are shown in Fig. 4 a and Fig. 4-b. In the proximal clipping group, the 
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mean pressure of the middle cerebral artery was 43mm Hg which corresponded to nnh-
32% of the w丸町i1icblood presure. On the other hand, in the distal clippin氏 group, the 
mean intraluminal pressure was 98mmHg which corresponded to 82 % of the可只ternic
blood pres~『ure.
COMMENT 
As shown in above-mentioned results, the remarkable difference of the intralurninal 
presure of the middle cerebral arten・ was found between cases occluded distaly and those 
occluded proximally; the former was 98mm Hg (82% of the syst引i1icblood l附＂－＂UTピ）
and the later I ~mm Hg (32 , of the systemic blood pn哨 urゼ） . This result shows that 
the reversed flow exists even aiter the proximal clippinεhas been made, and also that 
the intraluminal pressure caused hy such a reversed fl＜日vis extremely low about only cl 3 
mm Hg. According to some authors12> 13> 16> when the mean arterial pressure drops below 
60『 70mmHg which thev cal the critical level and lasts for about more than one hour, 
a corresponding decrea町 inthe blood flow occur-; and じじrt• hr<d inforctecl foci cl引 ぜいI】 in
human cases. The fact that al ten cases with the proxim日lclippin店店roupdeveloped he-
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Fig. 4 b intraluminal pr. ≪f m. c. a. in the distal occlus1on 
morrhagic and anemic infarctions may be explained by the drop below the critical level 
of the intraluminal pressure. On the other hand, as shown in PART I, the cerebral irト
farction occurred in只e¥・enout of nine in the distal occluding group, in which the mean 
intraluminal pressure was kept in 98mm Hg which is higher than the so-called critical 
level of blood pr刷、ure. A.t any rate, the occurrence of the infarction mav be explained 
hv the change of the intraluminal pre明 urefollowing occlusion of the middle cerebral ar-
tery, hut the difference of the nature of the infarction, hemorrhagic or anemic, can not 
be expL1inecl only on the hasi只 ofthe change of the pressure. 
P主RT II 
:¥s shown in PλRT I. there were some differences in hemorrhaεic tendency of cE-
rebral infarction even hv the same clipping methods of the middle cerebral ;1rtピrv.More-
川モr,it was noted that diapedesis wa-; almost alwavs stopped abruptly at the limits of 
the white matter <l只只hownin Fig. 2-a. In this regard, the刊 timationsof tissue plasmino・
gen acti¥・atnrs in the川 ftenin氏日n,<1as well as in the山av日ndwhite matter was日ttemp-
ted. 
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The -;i日nificanceof the tissue plasminogen acti¥・ator is at present unknown. l-lllwc¥・er, 
some interrelation is consiclerecl to exi只tbetween the factors inrnlvecl in the formation of 
fibrin deposits and those involved in their resolution. If fibrin deposits are continuously 
being formed in the organism as the result of the liberation of thromhoplastic agents from 
traumatized tissues, resolution of the対 depositswould be of importance1l. Accordingly, 
A只TRUP(19.'14) 2> considered that local liberation of the tis-;ue activ；日orcould bring about 
resolution，礼ndthat the tissue acti¥・ator could he the c日useof local hemorrhage in the 
tissues. This assumption is in accordance with the fact that the adrenal εland and the 
prostate ha＼・ゼ alarどじ concentrationof activator and hemorrhage into these organs i.:; often 
tihsen・ed. 
Present attempts were tried to differentiate thヒ concentrationof the activator in he-
morrha広icand anemic infarction and, furthermore, the 灯‘九日ndwhite matter. 
MATERIALS主NDMETHODS 
The plasminogen activator was 明 timatedon standard fibrin plates with 0.1 ~~ fibrino-
gen by the methods reported by ASTRUP and MuLLERTZ (1952) 3>. The fresh tissue w川
homogenized with 2M Kメ（、：－＇＼ and then the homogenates were centrifuεed. The aliquot 
of the supernatants was taken and 1 N-Hcl was added to make them acid (pH 1). 
After the solutions were centrifuεed again, the sediment wa尺 takenand neutralized I〕Y
>laHC03. The aliquots of them were dropped onto the standard fibrin plates. The acti-
vator activities were recorded as the diameter products in sq. mm. of the lyzed zone after 
20 hours at 37 degree C. The tissues taken from manv different orεans in dogs were, 
as a control, examined, then softeninξtissues caused by 川、clusionof the middle cerebral 
artery were examined, too. 
RESULTS 
(1) Fibrinolytic、activitiesof each organ were sh川 vnin Fig・S,in which meanγalues 
of the concentration of activ叫 orswere also given. 
(2) Fig. 6 showed the difference of fihrinolytic acti¥・iti引 betwピぞnthe hemorrhagic 
and the anemic infarction of the basal 伊ngliaor the cortex. 
(3) Fiど 7showed the differences between the cerebellum, ponヘandthe cerebrum. 
(cortex : white matter, basal ganglia；灯；1ymatter) 
COMMENT 
AsTRl rp and STAGE found that the tissue acti¥・ator could be made water soluble hv 
treatment with potassium thiocyanateり. Morゼover, ASTRUP and STERNDORFF, (1956) 5l 
reported that as the tissue activator is stable at acid reaction, the tissue activator could he 
easily separated from the labile plasminogen ac小川orpresent in blood. Thus, the methods 
for the quantitative estimation of the tissue activator was established. 
The results examined from the different animal ti州ue只whichwere prepared by the me-
thod of ASTRUP and ALBRECHTSEN are almost the same ;1s those reported lw ALBRECHTSEN1)' 
as shown in Fig. 5. Thus, there is no question about the difference of fihrinolytic acti-
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Fig. 7 
were found hetween the hemorrhagic and non-hemorrhagic戸川ionsand also hetween the 
white and日raymatter. These results show that this method of the tissue plasmino貯n
activator assay is not adequate to differentiate quantitatively the只radeof hemorrhage 
which occurred into the infarctecl foci a只 well as the quantity of plasminogen activators 
of the 1J:r;1v and white matters. 
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PART IY 
In P.¥RT IV, the vital staininεmethods were used to differentiate rriore clearly the 
hemorrhagic ( >r non-hemorrha只icinfarction九
METHODS 
The left antげ iorcen七mlartery was clippecl at its oriεin from the internal carotid 
arterv and also at the site of its distal portion (after l】ranchingthe HEUBNER‘宵 artery),
and the posterior cerehral日rterv( :¥.thalamo-perforata) and posterior communicating artery 
were also clipped at their ori広ins. .¥fter these clippings were performed, the middle cere-
bra! <1rterv was occluded proximally or distally to the origin of the perforating branche丸
山川nafter the operation, the trypan blue, lOmg per kg hody weight, was administered 
intravenously. The dogs were sacrificed 24 hour、afterthe operation. The hrains were 
fixed in 10テ formalin saline for ahout one week and were附じtioned and examined mac司
n附copically.
RESULTS 
In al three ca只引 in which the clippin広 proximal to the origin of perforating branchが
was carried out, the area restricted to the thalamus and basal ganεlia was stained blue. 
On the other hand, in two out of three cases with clipping distal to the perforating hran-
ches, almost the same area as those of the proximal clipping group was also stained blue 
in colour, although the staining wasけ｜〕sen・edmore densely in the proximal clippin氏店roup.
Fig. 8 a showed the result of the proximal clippinεand Fig. 8-b showed the result of 
the distal clipping. 
COMMENT 
／ 
It is well known that the central nervous svqem is not vitally stained under normal 
conditions with the exception of the choroidal plexuses, the meninges, the w;d] of the 
cerebral capillaries and a number of special regions of the brain. In the pathologicalじon-
ditions, however, the brain can be stained lw dyeへsuchas trypan hlue and clio【lofluore-
scem. 
In PART IV, the cerebral arteries in the left side were ligated except the left middle 
cerebral artげ Vtoぞxcludethe collateral circulation！ぇ whichseem日lto participate in sup-
plying the area of the basal εanglia as well as the thalamus. The thalamus and basal 
ganglia were stained selectively as shown in Fig. 8. 
Thus, it may be considered that the lesions re-;tricted to the basal ganglia or the 
thalamus, which occurred in this experiment, are due to the damage of the n・同ぜlsand 
the increase of permeability ()f vt＇叫elwalls by local anoxia. 
PARTY 
In PART IV, using ¥・ital山iininεmethod,the localized chan只esof the vascular per-
rneability was revealed. However, this method is not stil suitable to differentiate quanti-
tatively the grade of hemorrhage between hemorrha広icand non-hemorrhaεic、 infarction
althou吋1the diffrrl'nce of the叫iiningis vi丸山lじ 1け川口ieextent. In VλRT ¥', therd1》fl',
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the R<1clioactive Iodinated Serum Albumin (abbreviated to RISA herein) was used in cases 
prepared by the same clipping method. 
METHODS 
Soon after the same method of clipping was carried out as that of PART I¥', RISA 
labelled with iodine 131 was administered by a femoral vein in doses of 5 microcuries 
l光rkg body weight. Lugol's solution was not administered in this procedure. The animals 
were sacrificed 20 hours after the injection and then the physiological saline was perfused 
from the main cervical arteries to wash out the residual blood of the brain. After re-
moving the brain, it was frozen hv dry ice and sectioned. The areas of brain tissue from 
the opposite hemisphere were also removed. The tissues were weighed in the wet state 
and homogenized with distilled water and then the aliquots of the homogenates were pla-
ced in dry, weighed metal capsules for drying and assay. The dried films were assayed 
for radioactive content by Geiεer-Muller counter (Mica window type B-lB, Shimazu Co.). 
The background count was fairly六tablethroughout this experiment and it ranged between 
30-36 cpm. 
RESULTS 
Table 2 showed the values of radioactivities of the infarction hv the distal clipping 
Table 2. fllST . ¥L 1 < Jα111-1• 川口f the m. c. a. distal to the perfornting branch田）
ーーーー 一ーー －～一一 cpm I op. side control side ratio j¥＂』ofc；ド＂＇
R 786.6 189.6 日l
R 2 3,126.0 252.0 12 . 1 
R 9 ~.o 16.1 168.2 12.2 
R 1 996.2 111.3 8.7 
R 13 3.189.0 292.1 10.8 
R 17 ~.0~8.2 269.9 戸，：；
R 18 l.828.0 :iSS.1 8.7 
R 21 1,1 ().I.I iコ.2 11.7 
口1、 10.1 
m. '" : mean value, 行＝＇I, Gm=l.O 
Table 3 I'!¥< >:¥I :--1λL r(J山、I＂＇＇川.， fthe m. c. a. proximal to the perforating branch明）
No., 』l('"'"' 
cpm 。p.side con trりl叫le ratio 
］~ 1.551.0 102.0 15.2 
R ：予 :?,196.0 120.0 18.3 
I< 8 3.111.0 228.0 13.8 
R 10 8,'.21.1 353.8 23.2 
R 12 6,001.0 :?:JO.:? :?lり
R 16 I ,'.'78.1 132.2 9.7 
20 ~， 12.0 "il.O 9.5 
I¥ 21 160.0 l'i.O 10.6 
R 35 2,742.0 162.0 16.9 
m." 1:1.7 
m. v. : mron value, σ＝5.1, 。m=1.8 
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Fig. 8-a sh＜＞日in日 thestaining by the proximal clippmg 
Fig. 8-b showing the staining by the distal clipping 
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of the middle cerebral arterv and those of the opposite control brain tissue. 
Table II showed the values of radioactivities of the infarction by the proximal clipp-
ing of the middle cerebral artery. The mean value of the ratio of the distal clipping 
group was 10.1士1.0and that of the proximal clipping group was 15.7士1.8.There were 
significant differences between the two groups. 
COMMENT 
The brain scarcely shows under normal conditions increase of radioactivity after irト
travenous administration of isotope with the exception of special regions, such as choroidal 
plexuses, the wall of the capillaries and meninges, etc6l. However, cerebral blood vessels 
become permeable to the protein molecules under pathological conditions, such as damage 
of the vessel walls or local anoxia, etc. 
In this experiment, the concentration of RISA in the blood stream remains almost 
constant around 20 hours after its venous administration14l. With the methods of perfu-
sion technique, most of the residual blood could be washed out. The vessels of the basal 
ganglia were so small in caliber that the remaining blood after perfusion was thought to 
be negligible .
¥Vhen the middle cerebral artery was occluded distally to thヒoriginof the perforating 
branches, the values of radioactivity of the lesions were 10.1 times the values of the op-
posite hemisphere, whereas in casピ日 ligated proximally, the values of the infarcted foci 
were 15.7 times the values of the control side. On the other hand, when the values of 
radioactivity per gm brain tissue of the lesions were counted by dry weight assays, the 
ratio to the control side became somewhat larger than by the wet weight assays, but the 
rate of this increment remained almost constant in the same clipping group. This fact 
indicated that the edema of the lesions held almost the same degree according to the same 
clipping methods. Therefore, it may be considered that the ratio in values of the proxi-
mal clipping group is larger than that of the distal clipping group, showing the significant 
differences in both groups statistically. 
PART VI 
The clinical use of the fibrinolytic enzymes has recently been investigated and the 
feasibility of this treatment has been proved in cases with thromboembolic diseases, such 
as peripheral, pulmonary and coronary vasular occlusion7l 15l isi. In cerebral vascular occlu-
sive diseases, however, the fibrinolytic treatment has not yet generally been accepted be-
cause of its difficulty in clinical differentiation between cerebral vascular occlusions and 
cerebral hemorrhage and/or for the fear of hemorrhage into the infarcted foci. 
On the other hand, J. HANDA and K. YOSHIDA in our laboratory, reported that cere-
bral softenings experimentally produced might be prevented by the intravenous injection 
of the fibrinolytic enzymes without inducing or intensifying further intracerebral hemor-
rhage. 
The following investigation was carried out to reexamine this fact quantitati¥・ely by 
the use of radioactive agents. 
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METHODS 
.~fter clipping the proximal portion of the middle cerebral artery, as clone in PAT~T 
V, 5 microcuries per kg body weight of RISA was injected. In 100-200 ml. of physiologi-
cal saline solution Streptokinase 4,000 units per kg body weight and human plasma of 0 . 1 
口1.per kg body weight were di附ohul'0>. The solution was kept 37 degree C for about 
10 min. before its use and administered by femoral vein taking 1 hour for perfusion. 
In group (a), this treatment was performed soon after the clipping operation and in 
group (b), 48 hours after the operation. In group (c), RISA was administered without 
any fibrinolytic treatments 48 hours after the operation. And the fibrinolytic activity was 
measured by thrombelastograph or by euglobulin lysis time for a few hours. The dogs 
were sacrificed 20 hours after the operation and the brains were sectioned. Radioactivities 
of the area of the lesions and of the opposite control side were counted in the same wυ〉・
RESULTS 
The fibrinolytic activitv during the treatment is shown in Table VII, Fig. 9. The 
ratio of radioactivities in this group was shown in Table I¥・, V and VI. 2¥io intensifying 
of hemorrhages was found in the infarcted lesions macroscopicaly in the group (a) which 
was treated soon after the operation. 
Table 4. PROXIMλl，川thplasmin immediate！、 afterclipmg 
No. of cas白一
cpm 。p side control side 
一一一 一 一一－一 一一一
R 25 516.0 49.8 
R 33 コ，397.2 230.5 
R 37 768.0 96.0 
R 38 二，430.0 582.J 
R 39 1.386.0 95.1 
R 40 1.02-1.0 78.0 










m. 、： mean 、礼lue， σ ＝ 36 ， σ•n= 1.5 





R 43 588.0 
R -16 1 26.~ 
R 17 171.I 
R 18 71-1.3 
R 55 J ,50-1.0 
R 56 リ3しO
Ill.¥' 



















Ill、・ mean value， σ＝6.7， σm＝コ7
＊、＂＇川 11gsmall anemic in!arction, 
＊車 川川lt＇＼、li;themorrhagic 11l;i1ct1< '" 
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Table 6 I’l¥OX li¥I.¥ L mth lくIS.主48hrs. after dipping 
cpm 
:¥1 >.< >fCl＇守、 けいちide
control日ide rat1り
R 57 94 l.l 91.2 10.3 
R 58 601.2 30.9 19.5＊持
R 60 778.0 日5.2 8.2 
R 61 172.0 l』.8 11.7 
R 63 721.3 41.0 1.7美希
m.、。 13.5 
m ,. : mean value. G= 16. om=2 3 
jO 
栄養、h川、11glw11l•• r rl川日K in far，ι（101. 






Table 7 shりwmgchanges in fihrinolyt1c 
けどtl¥・1t¥・in animals treated with plasmin 
The euglohulin I、j,time "'" shorted tけ
10 min. or 70 min. m I to 3 hour' after 
the administration nlメK
／「
I 1i，川1、 2 hours 
Fig. 9 Iい、 TEG,h，川1gthe ,hortage of L ;111cl MA 
:'¥.s shown in Table ・I, isotope uptakes of the lesions were remarkably reduced in 
the group (a) (9.6士1.5)treated by plasmin, as compared with those of the group with 
no treatment (15.7土 1.8), (Table 3, 4）・ This fact indicates that there are significant 
differences in both groups statistically. As shown in Table 5, the mean value of the ratio 
of the group (b) was 11.8土2.7and those of the group (c) without any treatment wa~ 
13.5士2.3.In Table 5 *shows small anemic infarction and帥 showssomewhat hemorrhagic 
infarction. There are no significant differences between the group (b) and the group (c) 
which has no fibrinolytic treatment. 
COMMENT 
It is well known that when librinolytic enzymes arピ usedin clinical cases with cere-
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bnwascular disease, (1) the dosa只eand mode of applications, (2) timing of administra-
tion, etc. are of the most importance. On these problems, HANDへandYosHIDA in our 
laboratory studied experimentalh: in clogs in which localized cerebral softening foci and 
carotid thrombosis were produced and they reported that significant decrease in size of the 
infarct as well as no intesif ying of hemorrhaεe in the foci were found when treated in 
the early stage, usually within 48 hours. 
In mv experiment, the ratios of the radioactivitv content were found to be much 
smaller in dοgs treated by fibrinol~ · tic enzymes just after the procedure, as compared with 
those of the只roupwith no treatment, as shown in Table 3, 4. 
Howeycr, no significant difference w邸 foundstatisticall~· between the只rouptreated 
with fibrinolytic enzymes 48 hours later and the group without any treatment, (Table 
5, 6) although the ratio of the radioactivity in the former group seemed to he a litle 
smaller in the mean values. 
DISCUSSION 
I. Pathogenesis of hemorrhagic infarction 
Numerous concepts of the pathogenesis of hemorrha只icinfarction have been delivered. 
These include , diminished arterial blood flow plus ¥・enous stasis (EVANS andメtHEli可KER,
1943), reduction in the arterial blood flow with subsequent stasis, cliapeclesis and extra-
vasation (F.¥ZIO, 1949), temporary embolic arterial occlusion with subsequent dislodgement 
of the embolus (FISHER and ADAMS, 1950), dependence on the site of occlusion of the 
middle じerebralartery (HAIN et al. 1952), and the conditions of the previous state of the 
vascular bed, the degree of parenchymal support, the availability of collateral flow and 
the vascular pressure (GLOBUS and EPSTEIN, 1953), etc. 
These facts seem to demonstrate that at least two factors are requisite for the produc-
tion of the hemorrhagic infarction. The first is the sufficient alteration in the permeabili1y 
of the vessel wall to permit the escape of blood into the fr,sue. The 只econdl只 thepre-
sence of a sufficient volume of blood which flows throu只h the vessels distal to the site 
of occlusion enouεh to produce a hemorrh昭icsoftening. 
It is well known that the increasピ inthe permeability of the vessel wall is cau対d
hy several factors, such as the increase in vascular resistance, the slowing of the blood 
flow, accumulation of the vasodilatatory日ubstances1 n and fal of the blood pressure below 
the critical level of 60-70mm Hg16l. 
When a ve日elis occluded, the blood flow distal to the occlusion is usually slowed 
down and the blood pressure isalso dropped according to the grade of the collateral cir-
culations. The slower the blood flow becomes and the more severer the fal of the blood 
pressure occurs the more remarkable increase results in the ¥';N・ular resistance and ac-
cumulation of the vasodilatatory substance. 
In my experiments, the intraluminal pressure of the middle cerebral artery w肘 drop-
ped in 98mm Hg (82弘 ofthe systemic blood pressure) when dipped distally and in 43 
mm Hg (327,. of the systemic blood pressure) when clipped proximally. Moreover, the 
ratio of radioactive contents of RISA was 1:1.7 when clipped proximally, whereas 10.1 
when clipped distally. These fact只demonstratethat a remarkable incre;1se in the perm引 ・
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bilitv of the \'l'~~el wall may easily develop in the proximal clipping group rather than in 
the distal clipping group . 
.¥s to the presence of a sufficient volume of blood enough to produce a hemorrhagic 
foci in the area distal to the site of q、clusion,it is well known th日tabundant collateral 
channels, such as leptomeningeal, internal and external ophthalmic arteries exist in clogs. 
l¥forem・er，ぞ＼・enif the middle cerebral artery is occluded, substantial blood flow continues 
in its fields of the只upplyusually through collaterals from the anterior cerebral artery and 
posterior cerebral artery and also from the other hemisphere (SYMON) 19J Fig. 10. Moreo-
ver, as shown in Fig. 4-a, the reversed direction of the blood flow exi計六 even if the 
middle cerebral artery was occluded in the proximal portion. 
Fi耳 10-a sh川、in日 an宮ioarchitectureof canine 
hrain :ind als口、howin巨abundantcolateral chan-
nels l ; internal 山rotidarter、'.2; e'ternal 
c:irotid artery・3; ophthalmic artery. ,[ ; ant. 
cerebrnl arterv. 5 ; middle cerebral artery. and 
6 ; ]Kドt.cerebral artery 
Fig. 10-b showing 1 ; middle cerebral 
日rtery 2 ; perforatin胃 ganglionic
hrancht≫ 
Taking the官 factsinto considerations, it may be conceivable that when clipped pro-
ximally, the reversed blood flow to supply the basal ganglia is not刊行1cient to maintain 
both the cerebral parenchyma and the ve同ヒlwalls, but I只 aclequall'to make the lesions 
hemorrhagic owing to the increa＇相 lpermeability of the vessel walls, while, when clipped 
distally, the diapedesis of the blood elements may he prevented. 
Quatitative methods using the radioisotope assay also demonstrat引 thesefacts. 
I. The application of fibrinolytic tr凶 tmentsfor canine cerebral infarction 
The values of radioactivities in the lesion只 undertal王enimmediately after the produc-
tion of the infarct wヒrereduced remarkably. Mor刊 ver,no intensifyinεof hemorrhage 
was noted. These results demonstrate clearly that fibrinolytic treatments, when used in the 
e;1rl~； stage, are effective in the treatment of the cerebral occlusive di只eases.
However, no siεnificant difference was noted in thぞ grouptreated 48 hours after the 
productiけn<if the lesion弓， althoughno intensifyinεof hemorrhage was observed. 
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Thus, these results indicated that go吋 resultsmight be expected when fibrinolytic 
enzymes were used within 48 hours after the procedure, espeじialyin the 仁川lystage, in 
case~ with the じじrebralocclusive diseases. 
SUMMARY AND CONCLUSION 
The mechanism of the production of diffヒrenttypes of vcrehr礼｜刊行じular les1011 ~. L＇－・
pec1ally the hemorrhagic infarction, has not yet clearly demonstrated. 
The present study, therefore, was intended in dogs to elucidate the pathogenesis of 
hemorrhagic infarction, and thereafter, the effects of the fibrinolytic treatments on the ct・－
rebral infarction were investigated. 
PART I The character of the lesions was gencr＜《dlydepending on the site of oc-
clusion of the middle cerebral artery, when the svstemic blood pressure was kept almost 
constant throughout the procedure. 
In the proximal clipping group, seven out of tenじ川仁川 were hemorrhagic, whereas in 
the distal clipping group, six out of nine dogs were anemic. 
PART I . The changes of the intraluminal pressure was rピcorded.In the proximal 
clipping group, the mean pressure was 43mm Hg in a reversed direction of flow, whereas 
in the distalじlippinggroup, the pressure was 98mm Hg. 
PART II . The tissue plasminogen activator acti¥・ity was estimated to know the 
differences of the property of the hemorrhagic or non-hemorrhagiv infarction quantitati-
vely, resulting in impo鉛ibilityto find out remarkable differencじsbetweじnthe two distinct 
infarctions and between the gray and white matter. 
In PART IV, the attempts to make the difference of the hemorrhagic or anemic 
infarctions more clearly with the aid of vital staining methods were undertaken. Tl1l' 
basal ganglia and the thalamus were localizedly stained blue, and the tone of the colour 
was observed stronger in the proximal clipping group. 
Then, in PART V, to differentiate the property of the infarction more strictly, the 
quantitative method of radioisotope assav was performed. In the proximal clipping group, 
the values of radioactivity contents demonstrated about 15.7 times the 、aluesof the oppo・
site control region, whereas in the distal clipping group, about 10.1 timピち the values of 
the control side, showing significant difference between the two groups. 
In PART VI, the effects of the application of fibrinolytic treatmピntsto the cerebral 
111farction were examined using radioisotope assay. When trc;1ted in an じ孔rlystage, the 
values of radioactivities of the treated group were reduced remarkably as compared with 
the non-treated group (15.7 to 9.6). 
On the contrary, the values of the group treated "18 hours after the λncri日Iocdusion 
showed statistically no significant different、じ fromthe values of the group with no treat-
ments and there was found le州 remarkableintensifying of the hemorrhage into the lesions. 
The following facts were revealed in the presentメtudy:
1) The properties of the cerebral infarction restricted to thL'、 basalganglia or thL' 
thalamus were generally depending on the site of occlusion of the middle cerebral artery", 
when the systemic blood pressure was kept constant. 
2) Early administration of the fibrinolytiじ enzymeswould prevじIl thピ productionof 
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cerebral infarction or improve the tissue damage due to the arterial occlusion, and more-
over, this treatments must be performed within 48 hours after the ιerebral arterial occlu-
sion in dogs. 
.~c·k11< '" ledgemeuts : ’l'he author w1,hes to c・入P町沖 ll:i 叫1u'fcgratitude to Dr. H,¥J !'1': l L1~＂、 for h1, 
>l叫 e;,tirnト andguidance throughout the course of thi＇、刊rl、
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出l性脳軟化巣の発生機序に就いてはp 種々の議論 認める仏近位側帯if；｛＼＇群の )jが（段！丘小比較的濃いー然
がある．そこでP この軟化巣の性質の差をl,FJらかにす L，この方法にでも，区別は小充分てvある．
るた山こ， lくhλ 等を用い定量的に之を検討した. u~ SJ RI討主を用いて，軟化巣のUk1H能を測定した場
二科、化巣に対するp 線維素溶解酵素療法の効果及びそ （；・，中舷側結殺の場合は， その値がI5./, 1ミ梢側紡款
の限度につき同除検討した． のJ斗合l土p 10.！でP 両者の聞には有意の差がある．
IJ 先ず，全身血圧をp l王ぽ 〉とに保ち乍ら中大脳 6) 中村〈側結紫iぇ，線溶療法号行った場合p
動脈を，そのま手通枝より近f立側F 1えび述f"i側で結紫し a) 動脈結五w「後に行ったものの計測値は9:6に
たJ,j；，，前者は＇ 10例全部に紙’化引の千ι主を見，うち 減少する．
7例が出血性，後者は 9例中， 7例に軟化巣， うち 6 bJ 48時間後に｛子ったものの値はI1.8て， 無治療
例は貧；l!L'i計二である． 群13.5に比し，増加じない小p 両者の聞には有意の
2) 中大脳動脈を穿通枝近位官{tl,i剖立側で事件kした 差はない
場合p 前者ではy 血流は皮質枝より逆行性でp l血圧 以上の事より＇ ；，：の事が結論される.E!Pち犬では．
は， 43mmHg，後者では， 98mmHgである． 1) 脳軟化引の性質（；J:，全身血圧にさE化ボ IrけtL
3) 組織アクチベーターは，？，lj飯山間に差があ iJ, ばp 主として，中大脳動脈4占禁自；｛立に関係す乙．之は
出血性の強いと思われる臓器（副腎p 前立腺等）では '.'l'i'!S過性の変化，副血行路よリの血液供給の!2によ
値お，~い、 然し， 出血性軟化とけrl1:Jt牧｛むとの聞に るものと忠われる．
l土，著日月な差はなしこの方法ではp 両者を区別出来 21 脳軟化県lこ対しp 早期にi*li？：尚子Jょを行った場
ない一 合，軟化巣の発生防止，縮少に効果があるとI山 yれる
の 1]IJ たり14;llj1Jk', 後交通車11:11~ ， fえたIJ1借りlj（を佐々 ;j:, 48時間後の1場合：；：，特に:J＇血性の増加は認めない
起始部で紡紫した後（以下の群は同十Jく示口（： I’l、rl川 1 ・）＂.，その効果は減じる．
Blue 点滴！紙tにより／｝＼Jli'i，基底核に限局した＜j~色れを
